Interfacial reaction dynamics and acyl-enzyme mechanism for lipoprotein lipase-catalyzed hydrolysis of lipid p-nitrophenyl esters.
The fatty acyl (lipid) p-nitrophenyl esters p-nitrophenyl caprylate, p-nitrophenyl laurate and p-nitrophenyl palmitate that are incorporated at a few mol % into mixed micelles with Triton X-100 are substrates for bovine milk lipoprotein lipase. When the concentration of components of the mixed micelles is approximately equal to or greater than the critical micelle concentration, time courses for lipoprotein lipase-catalyzed hydrolysis of the esters are described by the integrated form of the Michaelis-Menten equation. Least square fitting to the integrated equation therefore allows calculation of the interfacial kinetic parameters Km and Vmax from single runs. The computational methodology used to determine the interfacial kinetic parameters is described in this paper and is used to determine the intrinsic substrate fatty acyl specificity of lipoprotein lipase catalysis, which is reflected in the magnitude of kcat/Km and kcat. The results for interfacial lipoprotein lipase catalysis, along with previously determined kinetic parameters for the water-soluble esters p-nitrophenyl acetate and p-nitrophenyl butyrate, indicate that lipoprotein lipase has highest specificity for the substrates that have fatty acyl chains of intermediate length (i.e. p-nitrophenyl butyrate and p-nitrophenyl caprylate). The fatty acid products do not cause product inhibition during lipoprotein lipase-catalyzed hydrolysis of lipid p-nitrophenyl esters that are contained in Triton X-100 micelles. The effects of the nucleophiles hydroxylamine, hydrazine, and ethylenediamine on Km and Vmax for lipoprotein lipase catalyzed hydrolysis of p-nitrophenyl laurate are consistent with trapping of a lauryl-lipoprotein lipase intermediate. This mechanism is confirmed by analysis of the product lauryl hydroxamate when hydroxylamine is the nucleophile. Hence, lipoprotein lipase-catalyzed hydrolysis of lipid p-nitrophenyl esters that are contained in Triton X-100 micelles occurs via an interfacial acyl-lipoprotein lipase mechanism that is rate-limited by hydrolysis of the acyl-enzyme intermediate.